Abstract The primary objective of this 3 years study was to determine the prevalence of porcine pathogens of the lungs of swine in swine farms in southern China. A total of 5,420 samples were collected from 200 swine farms. The bacterium that was most commonly isolated was Streptococcus suis, with 10.24 % of the samples being positive, 114 lungs (2.1 %) were positive for pseudorabies virus and 263 (4.85 %) were positive for classical swine fever virus; much lower than positive for PRRSV (15.1 %, p = 0.023) and PCV2 (13.8 %, p = 0.038). lungs that were positive for PRRSV and/or PCV-2 have significantly increased odds of being positive for any of the S. suis (9.79 vs. 0.44 %, p = 0.003).
While lungs have provided a historical sampling site for detecting normal flora and aided in elucidating clinical disease [1] , lungs sampling should be also considered as a monitoring tool for identifying emerging and re-emerging swine pathogens including those with foodborne and zoonotic implications. Commensal bacteria, such as Streptococcus porcinus, Streptococcus dysgalactiae, as well as opportunistic pathogens, such as Staphylococcus aureus, Staphylococcus hyicus, and Streptococcus suis, can be isolated from swine lungs [2] [3] [4] . Additionally, some pathogens such as porcine reproductive and respiratory syndrome virus (PRRSV), Porcine circovirus type 2 (PCV2), Salmonella spp, and classical swine fever virus (CSFV) can persistently colonize lungs tissue, which may serve as a reservoir of infection [4] . The emergence of PRRSV in China in 1993 was documented when an unknown arterivirus was isolated from the lungs of affected pigs [5, 6] . Porcine circovirus type 2 is the primary causative agent of porcine circovirus-associated diseases (PCVADs) in pigs and causes significant economic losses in most pig-producing countries. More recently, an outbreak of S. suis infection causing mortality in humans was caused by an emergent, highly virulent strain of S. suis, a pathogen that persists in the lungs of clinically healthy pigs [7, 8] . Most infectious diseases are caused by bacteria which proliferate within quorum sensing (QS) mediated biofilms [9, 10] . Further documentation and surveillance of the normal flora of the swine lungs is pertinent to the Yunfeng Zha, Jiexiong Xie, Ye Chen these authors contributed equally to this work.
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continued understanding of disease pathogenesis including zoonotic pathogens associated with swine and pork production. PCV2 and PRRSV, S. suis infection has been considered to be an important challenge to Chinese swine industry. The objectives of this study were to gather data to determine the prevalence of microbiological populations of the lungs of pig carcasses in swine farms in southern China, to determine if sampling the carcasses of normal (healthy slaughtered pigs) or abnormal (sicked and die pigs) hogs provides different microbiological profiles, monitor important pathogens that have health implications for both swine and humans.
Lungs were collected from swine carcasses in southern China from June 2010 to December 2012. A total of 5,420 samples were collected from 200 swine farms distributed throughout Guangdong, Zhejiang, Fujian, Guangxi Provinces, southern China. Bacteriology was quantified by culture and all bacteriological work, including setup, culture, identification, and typing, was done following standard operating procedures outlined in the manual of clinical microbiology. Testing for virology were carried out according to previously reported protocols [5, 7] . All animal research was conducted under the guidance of the Centers for Disease Control and Prevention (CDC)'s Institutional Animal Care and use committee in an association for assessment and accreditation of laboratory animal care International accredited facility. The comparison of categorical variables between microbiological populations was performed using a Chi square test where appropriate. Statistical significance was defined as p \ 0.05. The data was analyzed with SAS software, Version 9.1 (SAS Institute, Cary, NC, USA).
The bacterium that was most commonly isolated was S. suis, with 10.24 % of the samples being positive, 114 lungs (2.1 %) were positive for pseudorabies virus (PRV) and 263 (4.85 %) were positive for CSFV; much lower than positive for PRRSV (15.1 %, p = 0.023) and PCV2 (13.8 %, p = 0.038). lungs that were positive for PRRSV and/or PCV-2 have significantly increased odds of being positive for any of the S. suis (9.79 vs 0.44 %, p = 0.003). The frequency of individual pathogens was significantly (p = 0.002) associated with the carcasses of normal (healthy slaughtered pigs, 80.1 %) and abnormal (sicked and die pigs, 19.9 %) pigs (Table 1) .
Little information is available in the literature about the usefulness of collecting tissue samples from abnormal pigs versus normal pigs for surveillance or research purposes. Most studies have focused on the risks of microbiological contamination of the carcass during the slaughter process. Here, we report for the first time the the prevalence of microbiological populations of the lungs of pigs in swine farms in southern China. We found a relatively high PRRSV and PCV2 prevalence, as well as bacteria and viruses co-infection. S. suis, the most frequently identified bacteria (10.24 %, 555/5420) in this study, has been reported as an important swine pathogen and as a pathogen with zoonotic potential [11] A previous China study using PCR testing methods reported that 98 % of swine farms were positive for S. suis [3] . The clinical and potential zoonotic significance of the findings in this study cannot be commented on further as typing was not performed. The high recovery rate of S. suis in this and previous studies coupled with the reported changes in virulence patterns seen in other parts of the world [8] warrants the continued surveillance of this pathogen with appropriate subtyping. Interestingly, lungs that were positive for PRRSV and/or PCV-2 have increased odds of being positive for any of the zoonotic pathogens (S. suis). It has been proposed that these 2 viruses may cause a reduction in the immune function of swine, making them more susceptible to other pathogens. It may be prudent to closely monitor such abnormal pigs carcasses (sicked and die pigs) as potential sentinels for the microbiological populations in developing countries with extensive swine-raising industries. Further virological and serological studies in swine farm are urgently required in China to monitor swine infections.
